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Free  Radicals  Produced  in  TATB 
by  U-V  Irradiation 


By  Gerry  Chingds 


University  of  Utah 
Dept,  of  Mechanical  Engineering 
and  Naval  Research  laboratory 


UJ  .TRAVIOI  -hT  TRicAOIAT  ION  OK  TAW: 

Conceal ly,  energetic  materials  exhibit  it:<:rOvtr;.inj  shock  rs'iv Ac¬ 
tivity  with  iiKTOar.ifKj  per formaco. *  Since  this  trend  r.ug  jests  that 
usu able  par  for/rumcc  is  .1  i  mi  feel  by  safety  con;;  idem  it  ina**,  there  has 
been  a  great  deal  of  interest  in  so*  cal  led  Vexxien  t^plor-ives1'  v.tiieh 
en:e  unusually  insensitive?  for  their  energy  content:.  TATJ3  (1,3,5  - 
triamino,  2,4, G  *  trini  trobenwru:)  is  except  forul  in  this  respect. 


When  -fATh  is  expo.sed  to  broadband  ultraviolet  radiation,  the 
material  gradually  darkens  fro. a  yellow  to  black.  Using  electron 
resonance  (id),  ve  have  found  that  free  radical  formation  accompanies 
the  disco*!:  r<s  *  rad  that  these  Uv-generated  radicals  are  remarkably 
stable . 


Figure  3  shows  the  ESR  spectrum  characteristic  of  UV  irradiated 
powder  samples  of  TATB ,  an  asymmetric  line  having  a  peak- to- trough 
width  of  7  C.  KosL  of  the  irradiations  were  carried  out  in  air  room 
temperature  on  Pantex  samples  containing  residual  NH/C1  from  syn- 
thesis.  However,  no  differences  were  found  either  when  these  samples 
were  leached  in  boiling  water  prior  to  irradiation,  or  when  chlorine- 
free  samples  synthesized  from  TnC  ware  used.  The  same  spectrum  also 
appeared  when  irradiation  was  performed  in  vacuo  at  liquid  nitrogen 
temperature.  E5R  saturation  effects  were  observed  at.  power  "levels 
of  about  20  mw. ,  so  spectra  were  generally  taken  at  power  levels  of 
only  a  few  milliwatts.  All  solid  samples  examined  were  powders. 

While  TATB  is  crystalline  in  form^,  the  material  has  low  solubility, 
so  single  crystals  sufficiently  large  for  ESR  studies  are  presently 
unavailable. 
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V.'o  carried  out.  in  situ  irradiation  extvriu -nt to  ox-mianc-  radi¬ 
cal  production  rate,  'iho  free  radical  level  rose  rapidly  at  first,  but 

I 

the  rate  c.f  formation  gradually  decreased  on  further  irradiation.  Tnir, 
bch-iv1' i-~  =•' u.-.rently  clue  to  UV  opacity  of  the  sanplo,  radical  forma¬ 
tion  L-:i:  _  :  .  -.  y-  ?.-•  exposed  surfao-u  and  fjJower  in  the  sample  in¬ 
terior  r.  is  lower. 

"•  -  r.  ...'..  t tabled  the  samples  during  irradiation  to 

exp??. 5  “cr.  ~.v-<  surface  area  as  possible;  Fig.  2  illustrates  the 
arr anc :•-.■=  nt.  Tn~  score.:-,  not  shown  in  the  figure,  was  a  GOO  watt 
iRercury--x-Br.ro  t-vr.  lamp  focused  in  a  bean  eibout  2  cm  in  diameter. 
TAT3  pc.- dvr  placed  in  the  5  nrc.  cjuartz  Ri-tR  tube,  which  in  turn 
was  kept,  in  a  v.ter  jacket  to  minimize  heating.  The  end  of  the  !MR 
tube  -  was  rot  at-:.:'  by  a  rotor  using  a  short  piece  of  rubber  tubing  as 
a  flex  ible  coupling.  Radical  yields  of  about  one  radical  per  hundred 
molecule:  were  obtained  in  this  v/ay. 

Since  the  radicals  were  quite  stable  under  ambient  conditions, 
variable  temperature  studies  v/cro  per formed  to  determine  thermal 
stability.  Experimental  results  are  shown  in  Fig.  3.  Spectra  were 
taken  from  roan  temperature  up  to  300  C°  in  20  C°  in  crements,  dwel¬ 
ling  10  min.  at  each  toinperature.  Shis  allowed  adequate  time  to 
obtain  a  spectrum  after  about  3  min.  of  equilibration,  while  ensuring 
reproducibility  in  the  presence  of  kinetic  behavior.  Figure  3  shows 
the  spin  density  as  a  function  of  tempera  ture.  This  was  obi  a  i  nod 

by  double  integration  of  the  ESR  spectrum,  and  then  co;ipensat ing  for 
temperature  dependence  of  polarisation  per  spin  using  the  Curio  law. 
No  change  in  free  radical  level  occurs  until  about  220  C°, 


where  the 


i 


num'oer  of  spins  b'.g ins  lo  decrease.  This  is  accompanied  by  a  1  ineshapj 
change  to  a  slightly  broa.-l.-r  spectrum  (Fig.  4s)  with  a  peak- to- trough 
linewidth  of  13  Cl.  At  300  C°,  this  spectrum  decays  exponentially  with 
a  time  constant  of  5f>  mti. 

Gnsean-::  doping  experiments  ware  carried  out  on  irradiated  samples 
using  bromine  and  ammonia.  Broad,  nearly  symmetric  lines  resulted, 
shown  in  Figs.  4b  and  4c ;  peak- to- trough  linewidths  were  14  and  10  G. 
for  bromine  at  id  ammonia  respectively,  fate  line  centers  fell  within 
about  one  gauss  of  each  other,  too  close  for  significance  to  be  at¬ 
tached  to  dil  Cerent  q  values. 

Two  pieces  of  evidence  exist  which  point  to  steric  hindrance  as 


the  fac  Lor  \ <. . „■  * i  ■  Sn nl ires  the  free  radical.  Drs.  A.N.  Garroway 
and  II. A.  i ng  (Will.)  have  run  solid  state  proton  nuclear  magnetic 

resonance  experiments  which  indicate  that  little  or  no  NH2  motion 
is  present  below  about  200  C°,  above  this  in  the  vicinity  of  222  C° 
the  free  radicals  observed  by  ESR  begin  to  decay .  Secondly,  in  the 
course  of  solution  studies  discussed  below,  v?e  found  that  the  solid 
state  free  radicetl  spectrum  changed  after  the  sample  was  wet  with 
dimethyl  sulfoxide  as  shown  in  Fig.  4d.  The  effect  is  irreversible 
in  that  the  lineshape  remained  altered  after  subsequent  drying.  For 
these  two  cases,  at  least,  a  relaxation  of  lattice  rigidity  by  ther¬ 
mal  or  solvent  mechanisms  is  accompanied  by  a  change  in  the  free 
radical  signal. 


SOIITION  DERIVATIVES  OF  THE  SOLID  RADICAL 

V7hon  UV  irradiated  TATB  is  treated  with  dimethyl  sulfoxide  (DMSO), 
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the  solution  has  a  slightly  darker  color  compared  to  the  pile  yellow 
solution  obtained  from  the  non- irradiated  powder.  If  the  solution 
prepare  1  fro-  irradiated  powder  is  examiiv-d  by  FSR,  one  obtains  a 
multi- lire  f r.*.-  dissolved  free  radical  specie;;. 

fr.e  is  rV s ~d  whether  th-*  solution  is  prepared  in  the 

press;. >v  .  '  .  :'..e  of  .  s,  although  oxygen  was  generally  excluded  to 

avoid  s.:. !‘\e  '  r.daning.  rih:>  radicals  have  a  lifetime  on 
the  o.v.-.r  or  u'.-ur  vhs:  exposed  to  air,  but  last  for  several  days 
when  th-:  vt  is  cegaser-d. 

Tee  irar  radisal?  r-'.vaining  in  the  parent  solid  are  considerably 
more  stab! =•  t:  there  in  the  liquid  phase,  even  though  a  lineshape 

change  cf  the  r  .diced.  occurs  when  the  irradiated  powder  is 

moistened  with  It  ISO,  as  shown  in  Fig.  4d.  In  fact,  we  found  that 
after  the  liquid  radical  decayed  completely,  the  solution  could  be 
renewed  by  warming  it  with  the  parent  TATB . 

Glassware  fihown  in  Fig.  5  was  constructed  by  Dr.  A.D.  Britt  (NRI.) . 
Arms  A  and  B  were  used  for  the  initial  degassing  procedure.  Irradiated 
TATB  pwdor  (typically  50  mg.)  was  placed  in  arm  A.  A  small  amount 
(about  1  cc.)  of  D'-ISO  was  place  in  arm  B,  which  could  be  immersed  in 
liquid  nitrogen  for  degassing.  After  several  freeze-pump- thaw  cycles, 
the  neck  of  the  apparatus  v/as  sealed  off  under  vacuum.  The  DMSO  was 
then  mixed  with  the  powder  in  arm  A,  and  a  small  amount  of  the  solution 


was  poured  into  the  capillary  tube  of  arm  C.  The  function  of  this  thin 
tube  v/as  to  restrict  the  amount  of  DMSO  which  is  lossy  at  the  microwave 
frequencies  used  in  K5R. 

Figure  6  shows  spectra  of  the  liquid  radical,  one  taken  at  room 
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tcsiparul  ure,  tlu?  other;  just,  below  the  bailing  j joint  of  D'iSO  (a’.xxit 
f>f»  C°  under  vacuum) .  The  greater  resolut  ion  and  symmetry  at  the 
higher  temperature  cm  be  attributed  to  in.re  efficient  rotational 
averaging  of  an inot topics.  Ihe  spectrum  is  symmetric,  indicative 
of  a  single  species,  but  even  at  the  higher  tonpo nature,  resolution 
i<;  incomplete. ,  since  the  lines  are  generally  broader  than  the  30  rag. 
limit  imposed  by  the  100  kHz.  field  nodal ‘it  ion  frequency.  Ihe  Trea¬ 
sured  cj  value  was  2.0044,  characteristic  of  a  nit ro-arorr.a tic  species.^ 
Tetracena  dissolved  in  concentrated  sulfuric  acid  was  used  as  a  ref¬ 
erence.  ^  T  preliminary''  identification  o’’  this  free  radical  has  been 
made  by  Dr.  A.P.  Britt  (NRT.);  the  chemical  structure  and  splitting 
constants  ere  indicated  in  Fig.  7a.  Tnis  radical  differs  from  the 
species  originally  present  in  the  irradiated  solid.  Evaporation  of 
the  RiSO  from  the  solution  and  examination  of  the  powder  residue 
yields  the  spectrum  shown  in  Fig.  7b,  which  is  clearly  different  from 
that  shown  in  Fig.  1. 
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Figure  3.  Thermal  decay  of  free  radicals  produced  by  ultraviolet  irradiation 
of  the  solid.  The  number  of  spins  is  obtained  by  double  integration  of  the 
absorption-derivative  ESR  spectrum  present  at  each  temperature;  Curie  law 
behavior  was  assumed  by  weighting  each  point  by  its  temperature  in  K°.  The 
sample  temperature  was  increa.sed  by  20  C°  every  ten  minutes. 
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Figure  5.  Glassware  used  for  preparation  of  liquid  sLatc  free  radicals 
from  irradiated  TATI).  Aims  A  and  B  are  used  during;  solvent 
degassing  and  mixing,  while  arr,  C  is  u  »ed  for  ob;;crvat.ion» 
Tl»e  narrox-/  capillary  limits  the  amount  of  polar  solvent*  t;o 
avoid  excessive  microwave  loss  when  arm  C  is  placed  in  the 
cavity. 


